DNA structural polymorphism modulates the kinetics of superhelical DNA cleavage by BamHI restriction endonuclease.
A compartmental model developed by Hensley (Hensley, P., Nardone, G., Chirikjian, J.G., and Wastney, M. E., (1990) J. Biol. Chem. 265, 15300-15307) for analysis of the time courses of the cleavage of superhelical DNA substrates by the restriction endonuclease, BamHI, has been used to quantify the effects of changes in temperature, ionic strength, superhelical density, and the DNA substrate on the binding and strand cleavage processes. Studies reported here indicate that changes in topology may be introduced into the DNA substrate solely as a result of the plasmid preparation process and in the absence of covalent bond cleavage and ligation. These changes in topology have qualitatively different effects on the kinetics than those promoted by changes in the superhelical density. The former are removed by briefly warming the DNA prior to assay, suggesting that they are only kinetically stable, while the latter changes are not affected by heating. Increasing the [NaCl] from 0.01 M to 0.1 M increases the overall rate of plasmid cleavage by increasing both the rates of cleavage and enzyme DNA association. To describe the decrease in the overall cleavage rate observed in 0.15 M NaCl, an ionic strength-dependent rate-determining structural transition in the DNA substrate was incorporated into the model. The largest changes in the rate of the cleavage process resulted from changes in the DNA substrate. For the SV40 substrate compared to pBR322, the rate constants describing the two association processes and the first bond cleavage event were increased 6- to 7-fold. The rate of the second bond cleavage process was not affected. These changes may be due to differences in the flanking sequences.